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ABSTRACT
S

Nitroguanidine, a primary component of U.S. Army
triple-base propellants, was evaluated for mutagenic
potential in the Drosophila melanogaster Sex-Linked
Recessive Lethal test. Nitroguanidine was non-mutagenic
following 72-hour feeding exposures to concentrations of
nitroguanidine ranging from 2.08 gg/ml to 20.8 gg/ml.

Key Words: Mutagenicity, Genetic Toxicology, Sex-Linked
Recessive Lethal Assay, Drosophila melanogaster,
Nitroguanidine.
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PREFACE

TYPE .EPORT: Drosophila melanograser Se:x-Linked Recessive
Lethal GLP Assay

TESTING FACILITY: U.S. Army Medical Research and Development
Command

Letterman Army Institute of Research
Presidio of San Francisco, CA 94129-6800

SPONSOR: U.S. Army Medical Research and Development Command
U.S. Army Biomedical Research and Development
Laboratory
Fort- Detrick, Frederick, !ID 21701-5010

PROJECT/WORK UNIT/APO: 3E3 6270A835 /180/iTLBO

GLP JT1-DY NUMBER: 85001

STUD:' DIRECTOR: MAJ Don W. Korte, Jr., PhD, MSC
4

PRINCIPAL INVESTIGATOR: MAJ Raj K. Gupta, PhD, MSC

REPORT AND DATA MANAGEMENT: A copy of the final report,
study protocol, test compound
sample, raw data, ;nd
appropriate SOPs will be
retained in the LAIR Archives.

TEST SUBSTANCE: Nitroguanidine

INCLUSIVE STUDY DATES: 19 March 1985 - 31 December 1985

OBJECTIVE: The objective of this study was to evaluate
the mutagenic potential of nitroguanidine in
the Drosophila melanogaster Sex-Linked
Recessive Lethal Assay.
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Mutagenic Potential of Nitroguanidine in the
Drosophila melanogaster Sex-Linked Recessive Lethal
Test--Gupta et al.

S

'I
INTRODUCTION

Nitroguanidine, a primary component of U.S. Army triple-
base propellants, is now produced in a Government-owned
contractor-operated ammunition plant. The U.S. Army
Biomedical Research and Development Laboratory (USABRDL), as
part of its inission to evaluate the environmental and health
hazards of military-unique pollutants generated by U.S. Army
munitions-manufacturing facilities, conducted a review of the
nitroauanidine data base and identified significant gaps in
the toxicity data (1) . The Division of Toxicology, LAIR, was
tasked by USABRDL to develop a genetic and mammalian toxicity
profile for nitroguanidine and related intermediates/by-
products of its manufacture or environmental degradation.
This study evaluated the mutagenic potential of
nitroguanidine in the Drosophila melanogaster Sex-Linked
Recessive Lethal assay.

Rationale for SLRL Testing

A variety of tests using Drosophila melanogaster are
available for the detection of specific types of genetic
changes. The most sensitive assay that detects the broadest
range of mutations is the SLRL test (2-4). This test uses
insects of a known genotype and detects lethal mutagenic
changes in 800 to 1000 loci on the X-chromosome, representing
80% of the X-chromosome or 20% of the entire genome (5,6).
The SLRL test is used frequently to assess the mutagenic
response of Drosophila melanogaster to test substances
(2,4,5).

.%
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Ge.ietic Basis of the SLRL Test

The basic mechanism of the SLRL test is that the X-
chromosome of the father is passed on to the daughter; he
sons receive their X-chromosome from the mother. Therefore,
the recessive lethal mutations located on the X-c.romos...s
are expressed in males in a hemizygous condition, i.e. 11e Y-
chromosome does not contain the dominant, wild-type aie-es
to suppress the manifestation of recessive lethal mutatios.

Consequently, among the progeny of a female carryj.!- a
recessive lethal mutation on one of her X-chromosomes
(heterozygous for a recessive lethal mutation), halt of tie
male progeny die. By using suitabie genetic markers, the
class of males carrying the mutated X-chromosomes of treated
grandfathers can be determined e:isily. If a lethal muta- :on
were induced, this class would Le missing and its absenc-,
easily scored. The SLRL test has also been calltd the Basc
or Muller-5 test (6,7) . The assay system must use strains in
which crossing-over in females is; preventei since transfer of
the lethal mutation from the paternal to the maternal X-
chromosome by gene ic recombinatiot, would suppress its
expression. The crossing-over would lead to erroneous study
results because males receiving that X-chromosome would
survive. Since combinations of suitable inversions
effectively inhibit crossing-over, females used for the SLEL
test carry two scute inversions: the left-hand part- of scSl
and the right-hand part of sc8 covering the whole X-
chromosome and a smaller inversion In-S in the Basc
chromosome (6) .

Description of Test

The SLRL test (8) was developed in 1948 for determi:,.ng
genetic changes that kill the developing individual (egq to
pre-adult stage) in the hemizygous, but not homozyqous or
heterozygous, conditions. Such genetic changes, i.e.
recessive lethal mutations, can be induced on all
chromosomes. Only two test generations are needed to de tct
whether sex-linked recessive lethal mutations have been
induced on the X-chromosome. In the test, males with no, mal
round red eyes (Canton-S (CS)) whose chromosomes contain
wild-type alleles are exposed to nitroguanidine. Such an
exposure will produce a recessive lethal mutation if th(u X-
chromosome is affected. These males aie mated to hoio ;'y,,s
Basc females. The Basc pnenot'pe is characteri,.ed by ha'
(narrow-shaped) eyes which are apricot in color. The bar
eyes serve as a genetic marker for the homozygous and
nemizygous genotypes .;ince in the heterozygous e:pressior the
eyes are kidney-shiped. The progeny of this cros - (CS mals
X Basc females) consists of females heterozygoeis for the
treated X-chromosome, characterized by kidney-shaped red eyes
and males of the Basc pnenotype that have reces;ved their X-

r ~ -- , -~- . . . . . . . * , .. ** ~* . . .
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chromos-ome from their Basc motht~r. Each Fl ,-( mdle posse-sses Ir
one paternal X.-chromosome which was exposed to the test
compound in the male gam-ete. E'l siblinas are allowed to
mate; they prroocce_( the F2 generat ion. The F2 generation W4Il

consist of male s of two phenotypic ex.,pressions and females ot -

two phenotypic expressions. The male phenotypes have round
red eyes (hemizygous crarrying the treated X-chromosome from
the El female) or bar-rhaped apricot eyes (hemizygous for the
Basc chromosome) . The temale phenotypes carry the
chrolmesorree for red eyes (heterozygous, carrying the treated
X-clhromsomes from the Fl female and the Basc chromosome) or
chromosomes for bar-shaped apricot eyes (homozygous for the
Basc clomcsome) The F2 generation is then inspected for
the uresence of males with round eyes. if this class is

misin,,,, can be concluded tit the treated male gamete
consa'" i~ed Are~cessive lethil irnutat ion. Thus, this test

rel~xuc the disappearanice of a- whrole M endell -an class 4

~Le~ round red eyes)

A, tiooriir.g technique7 w-is used to sample sperm cells
OXOSO othe test. chemical d-urin , different stages of

s pe r mat r~i s bec_- a use- c h em ic aIs o f ten e.-xhi b It. St a qe
spec t ic mutalaer ,clty. Brooding was accomp1i shed by
transf err Lnq th- 'Lr~at(ed males t o vi alIs ca:ntain ig f resh
~-irq]:n females at iriiervals of 1, 4, 6, and 8 days after
comp,tion of the dosing period. This technique assures that
the fouir b~roods of females are- inseminated with sperm exposed
to th e t est chemical during successive stages of germ cell
deve.1i--rent Brood I =- mature sperm (Days 1-3) ; Brood 2=
prlmar:]v spermatids (Days 4-5); Brood 3 - primarily meiotic
stage"- (Days 6-7); and Brood 4 7-primarily spermatogonia
(Days- 8-10). This procedure safeguards against the
possihility that chemicals with more pronounced effects i n
earlier stages of spermatogenesis are not dismissed
erroneoasly as false negatives. %.

Oblecti'.e of Stady

The objective of this study was to evaluate the mutagenic
potertial of nitioguanidine in ttc' Dzosoph.iia melanogaster
Sex-liniked Recessive Lethal Anss';.

%
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MATERIALS AND METHODS

Test Substance

Chemical Name: Nitroguanidine

CAS Registry #: 556-88-7

Molecular formula: CH 4N40 2

Other test substance information is presented in Appendix A.

Vehicle

A number of compounds were tested as a vehicle for their
solubility, stability, and toxicity. A solution of 1'.
fructose in water was found to be an appropriate vehicle for
the nitroguanidine.

Test Model

Insect Genus and Species: Drosophila melanogaster

Strains: Canton-S (CS), a wild-type stock, characterized by
round red eyes, was selected for mutagenicity
studies because it has shown a low spontaneous
mutation frequency (9).

Base, a laboratory stock, homozygous in females,
possesses bar-shaped, apricot-colored eyes and
scute as phenotypic markers. The genetic
designation is In(l)scSlLsc 8 RIN(1)S, sc8 , scSiwaB.

Both strains are presently being reared in the insectary
at Letterman Army Institute of Research. The original stock
colonies were obtained from the Mid-American Drosophila Stock
Center, Bowling Green State University, Bowling Green, Ohio.

Diet

The diet was the standard medium consistina of co-rimeal
(NBCO Chemicals), unsulphured molasses (Ingredient Technology
Corp.), Yeast (Nabisco Brands, Inc.), and nutrient agar
(Moorhead & Co., Inc.) used for colony rearing of Drosoph-7a
melanogaster. A materials list and instructions for its
preparation are contained in LAIR SOP-OP-STX-5 "Drosophi.i:
Media Preparation."

r
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Restraint

Ether (J. T. Baker Chemical. Co.) anesthesia was used to
restrain flies being collected for mating arid for general
colony maintenance.

Identification System

Each CS male from the 72-hour ILC50 exposure (test,

negative, and positive control) was assigned a unique number.
This number was also placed on the vial in which its progeny
was produced (LAIR SOP-OP-STX-8 "Sex-Linked Recessive Lethal
(SLRL) Drosophila melanogaster Mutagenicitv Test"). In this
manner progeny could be traced back to the parental male
which had been subjected to the test coound or control
vehicle.

Storage of Raw Data

Tabular data from this study (GLP 85001) for each male
are in the archives of Letteroan Army Institute of Research,
Presidio of San Francisco, California.

Environmental Conditions

All studies were conducted within the insectary at a

temperature of 23 ± 20 C, relative humidity of 57 ± 8% and a
photoperiod of 12 hours light and 12 hours dark. All insect
colonies were reared in polypropyiene bottles, and those used
in the SLRL testing were housed in glass vials (LAIR SOP-OP-
STX-6 "Drosophila Stock Colony Maintenance").

Dosing

The solubility of nitroguanidine in water is relatively
high compared to that of most explosives (10) . Preliminary
studies were conducted to test potential dosages for toxicity
to flies and their ability to teed and digest nitroguanidine
in an appropriate medium. A feeding solution vehicle of 1.0%
fructose in deionizeO water was selected for the study.

csing was accomplished in compliance with LAIR SOP-OP-
STX-7 "Drosophila melanogaster Exposure Procedures." The CS
strain (wild-type) males were allowed to feed on 250 i1 of
various concentrations of the test chemical. These males
formed the test groups. Concurrent exposure to 1.01, fructose
in deionized water was desiona9ted as the negative control
group. A positive control group was exposed to a 1.0-mM
ethvirrethane sulfonate solution formulated with 1.0' fructose
in water. Ethylmetha'ne sulfonate is a known mutagen and was
used to confirm the ability of the tes t organism to produce
.c'LRL mutations (11) . Dosino,- was contir.uous fMr 72 hours.
Flies were transferred every 24 hours to vials containing

S.
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fi oh compound solutions. The concentration of
nitroguanidine tested for toxicity ranged from 2.08 gg/ml to
20.8 gg/ml.

Test Format

The CS males surviving the LC50 (approximate) dose of
the test chemical and those males subjected to the concurrent
negative controls were used in the SLRL assay. Twenty-five
CS male (wild-type) survivors of the test chemical and
negative control compound were scored by mating to Basc
virgin female6 (Basc chromosomes). This procedure was
accomplished by placing 3 Basc virgin females in a vial with
one CS male. The vial was labeled with the male's unique
number. At days 1, 4, 6, and 8 after dosing the CS male was
transferred to successive groups of 3 Basc virgin females in
vials with that male's unique nunber. These intervals
corresponded to broods 1, 2, 3, and 4. This procedure was
replicated 4 times. Scoring of the mutants resulting from
positive control exposure was based on mating 5 CS males in
the same manner as males treated with the test compound.
This procedure was also replicated 4 times. After sufficient
numbers of flies had emerged, a maximum of 25 (minimum of 5) •
kidney-shaped red-eyed Fl females were selected at random and
mated with their sibling white-body, bar-shaped, apricot-eyed
males. Each pair was placed in an individual vial, and these
vials from the same uniquely numbered father were placed
together and labeled with his unique number for reference.
After 2 to 3 weeks the F2 progeny were examined and scored
for the absence of round, red-eyed males, which would
indicate that a lethal mutation had taken place in the
treated male. Confirmation of a lethal mutation was obtained
by conducting an F3 cross from each vial scored as a letbal
mutation. This was accomplished by crossing three F2 ferales
(kidney-shaped red eyes) with three males with bar-shaped
white-apricot eyes, in three separate vials (one male and one
female per vial). Absence of males with round, red eyes in
the resulting F3 generation confirmed the existence of a
recessive lethal mutation. Experimental conclusions were
based on the spontaneous mutation frequency (negative
control) compared to the mutation frequency induced by the
test chemical. This entire procedure was replicated 4 times
to obtain a sufficiently large sample.

Historical Listing of Significant Study Events

Appendix B is a historical listing of significant study
events.

Statistical Analysis

This testing was designed to examine approximately 2500
X-chromosomes in each of 4 replications, thereby yielding a

,.
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This testing was designed to examine approximately 2500
X-chromosomes in each of 4 replications, thereby yielding a
total of 8000 to 10,000 X-chromosomes for examination. Vials
without F2 progeny or fewer than 5 progeny (F2) were scored t
as failures. The BMDP (Biomedical Programs) computer package
was used to perform the analyses (12). Based on the number
of lethal and nonlethal offspring for each male, by combining
all replicates, the mutation frequency of nitroguanidine was
compared to that of the control by Fisher's exact test for
each of the four broods separately and for the combined
broods. All statistical tests were conducted at the 0.05
level of significance.

Deviations from SOP/Protocol

The following dev:ations from the Standard Operatina
Procedures and GLP Protocol 85001 were made during this
study:

-he CS males were dosed at a con,.entration determined in
the preliminary studies. The maximum soluble amount that
provided a homogeneous solution was administered because of
the low toxicity of nitroguanidine.

The total number of flies examined in the test group was
6913. For the negative control group, the number of flies
examined was 7318. Although less than 8000, both sample
sizes were considered adequate for the inuividual brood test
using Fisher's exact test.

Use of dimethy! sulfoxide (DMSO) as a solvent was
avoided as recommended by the EPA (13) . These deviations
from the Standard Operating Procedures had no effect on the
outcome of the study.

RESULTS

The frequencies of spontaneous mutation for
nitroguanidine and the negative control were 0.188% and
0.096% based on 6913 and 7318 X-chromosomes, respectively.
The mutation frequencies for the positive control, 1-mM
ethylmethane sulfonate, was 17.8%. The mutation trequencies
for each compound are presented in Table I. The mutation
frequencies for each brood for nitroguanidine and the
negative control are presented in Table 2. No significant
difference was detected between the mutation frequency of the
negative control and the nitro.uanidine with the Fisher's
exact test (p : 0.1799). Also, no sianificant differences

~ . .- ~ ...... ~ .. u .
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Table 1

PERCENT MUTATION FREQUENCIES IN THE SEX-LINKED
RECESSIVE LETHAL ASSAY OF NITROGUANIDINE*

Compound 1 2 3 4 Total (Percent)
Mutations Mutations

Nitroguanidine 0/1115 5/1231 4/2352 4/2215 13/6913 (0.188)

Negative
Control 1/1481 1/1529 3/2155 2/2153 7/7318 (0,096)

Positive
Control 36/166 39/284 56/395 70/284 201/1129 (17.80)

*Data are recorded as number of SLRL events/number of X-
chromosomes tested.

Nitroguanidine: 25 male Drosophila melanogaster flies (CS
strain) formed the P generation.

Negative Control: 25 male Drosophila melanogaster flies (CS
Strain) formed the P generation.

Positive Control: 5 male Drosophila melanoqaster flies
formed the P generation.

el= Aii ! A0 =, , I
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Table 2

FISHER'S EXACT TEST FOR SIGNIFICANCE OF THE DIFFERENCE i
BETWEEN NITROGUANIDINE AND NEGATIVE CONTROL IN SEX-

LINKED RECESSIVE LETHAL ASSAY

Brood Number

Compound 1 2 3 4

Nitroguanidine 3/2055 3/1815 5/1727 2/1316

Negative Control 2/2094 2/1901 11844 2/1479

Positive Controls 44/336 88/291 63/316 6/186

p values 0.6845 0.6805 0.1138 1.0000

Nitroguanidine: Nitroguanidine was dissolved in a 1%
fructose solution in deionized H20. Data
are from 25 male Drosophila melanogaster
flies (CS strain) x 4 replicates mated
with 3 Basc strain female flies each.

Negative Control: 1% fructose in deionized water. Data are
from 25 Drosophila melanogaster flies (CS
strain) x 4 replicates mated with 3 Basc
females each.

Positive Control: 1.0 mM ethylmethane sulfonate and 1%
fructose in deionized H20. Data are from
5 male Drosophila melanogaster flies (CS
strain) x 4 replicates mated with 3 Basc
females each. 0

Nu
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were detected between the negative control and the
nitroguanidine for the data of broods 1, 2, 3, and 4 (Table
2).

DISCUSSION

Nitroguanidine has been reported to produce significant
chromosome damage in Chinese hamster fibroblasts (14).
However, studies from this laboratory have indicated that
nitroguanidine is not mutagenic in the mouse lymphoma forward
mutation assay, the Chinese hamster ovary sister chromatid
exchange assay, or in the Ames Salmonella mammalian microsome
assay (15). The results of this study confirm in an ir vLvo
model for genetic toxicity our previous findings that
nitroguanidine has no mutagenic potential at doses which
approach the limits of solubility in the appropriate tesL
systems.

CONCLUSION

The results of this study indicate that nitroquanidine
4s not mutagenic when evaluated in the Drosophila
melanogaster sex-linked recessive lethal assay.



GUPTA et al. -- il

REFERENCES

1. Kenyon KF. A data base assessment of environmental fate
aspects of nitroguanidine. Frederick, MD: U.S. Army S
Bioengineering Research and Development Laboratory; 1982,
DTIC No. ADA 125591.

2. Vogel E, Sobels FH. The function of Drosophila in
genetic toxicology testing. In: Chemical Mutagens:
Principles and Methods for their Detection, edited by A.
Hollaen( r, Vol. 4. New York: Plenum Press, 1976:93-141.

3. Abrahamson S, Lewis EB. The detection of mutations in
Drosophila melanogaster. In: Chemical Mutagens: Principles
and Methods for their Detection, edited by A. Hollaender,
Vol. 2. New York: Plenum Press, 1976:461-487.

4. Anonymous. Cancer testing technology and saccharin.
Washington, D.C.: Office of Technology Assessment. October
1977.

5. Lee WR, Abrahamson S, Valencia ES, Von Halle FE, Wurgler
FE, Zimmerling S. The sex-linked recessive lethal test for
mutagenesis in Drosophila melanogaster. Mutat Res 1983;
123:183-279.

6. Wurgler FE, Sobels FH, Vogel E. Drosophila as assay
system for detecting genetic changes. In: Handbook of
Mutagenicity Test Procedures, edited by B. J. Kilbey et al.
New York: Elsevier Scientific Publishing Co., 1977:335-373.

7. Brusick D. Principles of genetic toxicology. New York:
Plenum Press, 1980:262-266.

8. Spencer WP, Stern C. Experiments to test the validity of
the linear r-dose/mutation frequency relation in Drosophila
at low dosage. Genetics 1948; 33:43-74.

9. Graf V. Spontaneous mutations in Drosophila
melanogaster. Humangenetik 1972; 16:27-32.

I.,.

10. Fedoroff BT, Sheffield OE. U.S. Army. Encyclopedia of
explosives and related items. PATR 2700, Vol. 6. Dover, NJ:
Picatinny Arsenal. 1975:G154-158.

_ , .' .',j' h



GUPTA et al. -- 12

REFERENCES (Contd.)

11. Alderson T. Chemically-induced delayed germinal
mutation in Drosophila. Nature 1965; 207:164-167.

12. Dixon WJ, Brown MB, Engelman L, Frane JW, Hill MA,
Jennrich RI, Toporek JD. BMDP statistical software.
Berkeley: University of California Press, 1983:153,154,205.

13. Anonymous. Sex Linked Recessive Lethal Test in
Drosophila melanogaster. HG-Gene Muta-Insects, Washingt n,
D.C.: Office of the Toxic Substances, Environmental
Protection Agency, August 1982.

14. Ishidata M, Odashima S. Chromosome tests with 134
compounds on chinese hamster cells in vitro -- a screening
for chemical carcinogens. Mutat Res 1977; 48:337-351.

15. Harbell JW, Witcher LD, Sebastian SE, Korte DW. Studies
on the mutagenic potential of nitroguanidine and
nitrosoguanidine. 1987 JANNAF Safety and Environmental
Protection Subcommittee Meeting. Laurel, MD. Chemical
Propulsion Information Aqency, 1987; CPIA Publication No.
466; pp. 357-367.

n]'I

a7



.MW -W WX~WVw"1N'" -,x IL -- v w -~ .- 14

GUPTA et al. -- 13

APPENDICES

Appendix A: Chemical Data....................14
Appendix B: Historical Listing of Significant Events .. 17

'r- .-. N



GU PTA et 9Y .1 - ~

Appendix A: CHEMICAL DATA

Chemical Name: Nit roquanidine (NGu)

C)I,--her i7 1z4 'ed Names: Guianidine, Nitro;aph-irqr I;
beta1--N it-roquanidine

Che-mical Abstracts :ervice Reqistry No.: 556-88-'7

Lc-t Nu ir- : S Owi 8 31--0 0 4

ZLAIR Cd e: TP6

H2N

Molecular For:-.ila: CH4N40O2

MoleolarWeiqh, 104.1

h ~s.-'ca 1 S *-itt e Wh-e powder

Mlt ng Poinlt: C 32 1

.arnes of Contar-ilrants and Percentages: (D ata S h e ATei ;h d

Sourc-e: He;zcui es Aerospace Division.'
Sun rflcwe-r Ainiunit ion Plant
DeSoto, kansas

Analytical Data:
An infrared spectrum was obtained upon receipt. of the-

compound; major absorption peaks were obslerved at .- : 3
(broad) , 1660, 1630, 1525, 1400, 1300, 1050, and 7(30 OT

The spectrum w'as identical to the Sadtler ,3pectrum for
nitroguanidine .3

1 Fe'ioroff BT, Sheff'olo OE. Kncy clopedia of e.-:po'-ivor
related items. Vol 6. Eiover, Nlew Jersev: Pi ca' 1"ny

2 Wheeler CR. Ntc'e~~s-irgaiiePu
Laboratory Notebnook #~1C-l.,p.9. Letter7:;iAv
Inst it-ute o~c Resca rol-i, Prsidiot Sari Francisc , .

3Sadt icr Pesea rcb Laborato: y, I no. £dt I e r s t: A~ ri,- dspo lot
Philadelphia: Th %;dt'--r Research Laborat or-Y fr> I>:.
Infrared spectrogram, V21421,



GSUPTA et al. -- 15

Appendix A (Contd.) CHEMICAL DATA

PArn aqucou. ouion of N'Gu (46.! pmnloat-) was pr-epared
and tl'e abSorption at ,264 nm determined., to be 0.689 AUJFS.
Three ..eeks later the saine solution was reexamined

spetrocoicalyand the ;:&Srp'tion at 204)- nm found to be
0.68 9 AU F S. full sopectrum sc~an revel cotue r,-ara' -eristic

patter f 1) <bc r u', J in t e w ca lra:ima at 215 -

and 2614 nol. These i:.t j: i *t i7 a 1 all

Labzacy:mho 40Z-1,o tra Army
insti-cte.c eerh rsdoo o.3rn s: CA.

III
r * ~ v
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Appendix A (Contd.): CHEMICAL DATA

O C '

-4 ,,, FO'.4% E.-'L SIV-, C;11*',C JS C o01

To:C'3 52 *

11ercules Aerosozcce Diviio-I. er'lsinrorrorat.~Dj-O7--.~~ ~~('
U ~ ~ t N U~ .E B .

SOW83H01-004 1 .00 sh.____

LACE .. UF.CTUREO e Cf*CAI KI ,, ,E -EO'" *u
S unflOwer AMrw A,'tunuitlon Plant, D)P Faeijt,! IM! ~-oa /-t.- d CRJa"J

Req~uirement
Pro erty M. Nx niVI

PP

Ash Content, X 0.)o 0.03
pH Value 4.5 7.0 7.55

* Acidity (as "2S0,), Z 0.06 NDl**
Total Volatiles, I .5-00

* Sulfates (as laSD),), Z 0.20 0.01

Impurities, H-'0 Insolujble, 0.20 0.01
Particle Size, MizcrD-ns 3.0 11 4.0
ParlClie Size, St2 . Dev. + 0.5 0.168

As Z17ended by Co:1tract 5ccpe of Work
Appove by';averNo.NQ8-1dated Sept. 2, 1933

1. Maua~ue dated Sept E, !A389383togaid Particle Size, d, ted I Feb. 83.

2.) ackai~i: Leel - fberdrums to Spec. IlT 21C60. Drums numtbered 3 thra 241 i od
247 hru 85.25 pundsperdrumi per HAD 1(let dated Aguust 1, 1983, to COR.

11 PL[ CC-OUL.T t ST 1.i Ae2o"C 1),-A Z- k ITK ALL EPI Z :.k.I'04

H-Percules Aerr.-.-we Division 00 C .T It RU

FOR Tnt CCb04A,.CED

__(__at_ A!;urnloe Fpertali-;t ______ -

M.A. Koj..4) ______

1P

- ~~~~~ ~ ~ ~ A % PV V ~ V
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Appendix B. HISTORICAL LISTING OF SIGNIFICANT EVENTS a .

JiCne r: Fc2~- u (FPun D9) .

- ~Beg-: r:u. _ Ru ,()

-v 22 r4(Runm 61

or

%., %~

r- w

or. v
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